Oxidative substitution of boranephosphonate diesters as a route to post-synthetically modified DNA.
The introduction of modifications into oligonucleotides is important for a large number of applications in the nucleic acids field. However, the method of solid-phase DNA synthesis presents significant challenges for incorporating many useful modifications that are unstable to the conditions for preparing synthetic DNA. Here we report that boranephosphonate diesters undergo facile nucleophilic substitution in a stereospecific manner upon activation by iodine. We have subsequently used this reactivity to post-synthetically introduce modifications including azides and fluorophores into DNA by first synthesizing boranephosphonate-linked 2'-deoxyoligonucleotides and then treating these oligomers with iodine and various nucleophiles. In addition, we show that this reaction is an attractive method for preparing stereodefined phosphorus-modified oligonucleotides. We have also examined the mechanism of this reaction and show that it proceeds via an iodophosphate intermediate. Beyond nucleic acids synthesis, due to the ubiquity of phosphate derivatives in natural compounds and therapeutics, this stereospecific reaction has many potential applications in organophosphorus chemistry.